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In existing mixer grinders, the universal motor is used due to its high starting 
torque than the induction motor. To achieve higher speed for smaller devices, 
the implementation of the universal motor becomes cheaper. The absence of 
brushes and the reduction of noise in the BLDC extends its lifetime, making 
it ideal for a mixer grinder. The solar-powered BLDC motor drive for 
a mixer grinder is presented in this paper. A DC-DC Buck Boost (BB) 
converter is utilized to operate the PV (photovoltaic) array at its highest 
power. The proposed hysteresis current (HC) control BLDC system 
is developed in the MATLAB. A comparison performance is demonstrated 
between the commercially available mixer grinder and the simulated 
proposed system. 
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1. INTRODUCTION 

Energy efficient apphances are widely used due to scarce energy resources. In home apphances, 
the universal motor, the induction motor or brushed DC motor is used [1]. The mixer grinder is commonly 
used in many homes for grinding or mixing ingredients [2]. The universal motor is generally used as drive 
motor in the most mixer grinder. It has inherently inverse torque vs speed characteristics which suits 
the mixer grinder load characteristics [3-4]. When the motor is switched on, and the grinding/mixing of 
the ingredients takes place, the requirement of the torque reduces and the speed increases [5]. For 
maintaining the quahty of the grinding/mixing, the speed is controlled to a set value, which in turn does not 
affect a quahty output of the mbcer grinder and also consumes less power. The brush and commutator 
arrangements in the universal motor can cause sparking, and electromagnetic interference can lead to lower 
efficiency [6-7]. So, a BLDC motor should be used in the mixer grinder because of its easy speed torque 
control and conpact size [8-9]. As the efficiency vs torque characteristics of the BLDC motor is almost flat, 
the mixer operates at low speed and part load saving energy [10-11]. In this paper, the solar fed BLDC mbcer 
grinder is designed, which has higher efficiency than the existing AC universal motor mixer grinder and for 
controlling the speed of the motor, hysteresis current controher is designed. 


2. PROPOSED METHOD 

Figure 1 shows the proposed outline of the BLDC motor drive used in the mixer grinder. 
As the efficiency of a BLDC motor is high [12], the size of the PV array is reduced as weU its installation 
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price. Thus, its higher power factor reduces the capacity of the used voltage source inverter (VSI). 
A buck-boost converter is placed amid PV array and voltage source inverter. Additionally, the buck-boost 
converter is operated by controlling PV array using the Perturb and Observer MPPT algorithm technique. 
The BLDC mixer grinder is fed by the VSI. The three current sensors and haU sensor are fed to a BLDC 
motor control. The BLDC motor control is the hysteresis current controller, and gate signals from a controller 
are fed to the VSI for controlling the speed of the motor. 
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Eigure 1. Schematic diagram of a proposed mixer grinder 


3. RESEARCH METHOD 

Eor the desired operation of the mixer grinder, suitable specifications and design of the PV array, 
buck-boost converter, and BLDC mixer grinder play an inportant role. A 4-pole BLDC motor with 
10000 rpm and 200W is chosen. The PV array, Buck-Boost converter, and the mixer grinder are preferred in 
a manner whereby the function of the systemis not disturbed under any climatic conditions. 

3.1. PV array and MPPT 

The PV array with peak power of 300W was designed for a 200W mixer grinder in order to 
conpensate the motor and converter losses. Table 1 shows the design of the PV array and the MPPT 
technique used was the Perturb and Observer algorithm, as shown in Eigure 2. This algorithm uses less 
measured parameters and sinple feedback scheme. 


Table 1. Design of PV array 


PVmodule (HB-12100) 

value 

Ns 

36 

Vo 

21V 

lo 

10.lA 

V„. 

17V 

Im 

9A 

Voc 

63V 

Isc 

7.1A 

Modules in series 

2 

Modules in parallel 

1 

Peak Power 

300W 


In this method, the voltage of the module is periodically given the perturbations, and consistent 
power output is conpared with a prior perturbing cycle. Due to a perturbation, if power increases, 
then a perturbation remains in the same direction. After power peak is attained, power is zero at MPP, and 
next instant decreases and then, perturbations reverse. When a stable state is reached, the algorithm oscillates 
around a peak power point. To retain small power variations, the perturbations size is maintained very smaU. 
The method is advanced so it sets reference voltage of a module analogous to the peak voltage of 
the module [13]. The PI controller then acts to transfer an operating point of a module to that specific voltage 
level. Some power loss is detected due to this perturbation as well as failure for tracking maximum power 
under rapid varying climatic conditions. A MPPT algorithm functions based on a derivative of power output 
(P) with the voltage of panel (V), at maximum power point which is equal to zero. 
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Figure 2. Flowchart of the perturb and observer algorithm 


3.2. Buck-boost converter 

The buck-boost converter is DC-DC converter with output voltage magnitude is either less than or 
greater than the magnitude of the input voltage. Figure 3 shows that the non-inverting BB converter generates 
an output voltage of the same polarity as the input voltage. Table 2 shows specifications of a BB converter. 
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Figure 3. Circuit of a buck-boost converter 


Table 2. Specifications of a BB converter 


Parameter 

value 

Input voltage (Vm) 

34V 

Output voltage(Vo) 

48V 

Switching frequency(fsw) 

500kHz 

Inductor current ripple (Inppie) 

30% 

Output voltage ripple(Viippie) 

lOmV 


The duty cycle is given as: 






V +y. 
o in 


48 

48+34 


= 0.58 


( 1 ) 


The output voltage from the BB converter is a rated DC link voltage of the VSI. By neglecting converter loss, 
the current through a DC link (/ ) is, 
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V„ 48 


The value of the inductor is, 

DV^ 


I^- 


^ pv 


=11.95|iH 


fsw^L 

where A/^ is an inductor current ripple. The value of the capacitor is, 


CO = Iti-HIti =2094.3 rad/sec 


120 


C = - 


' dc 


6aAV, 


■=1036.2nF 


dc 


( 2 ) 

( 3 ) 

(4) 

(5) 


where, is Vdc to 1% [1]. 

Table 3 shows the switching state of the VSL The three hall sensors are used to produce the gate 
signal to the VSI by electronic commutations. Electronic commutations refer to a commutation of current 
flows through the windings of the BLDC motor in predefined sequences by the decoder such that direct 
current is symmetrically drawn from a DC bus of the voltage source inverter for 120° and enployed in 
a phase with the back emf. The VSI is functioned through the fundamental switching frequency pulses to 
reduce losses of switching. Table 4 represents the specifications of the BLDC motor. 


Table 3. Switching states of VSI 


Rotor position 0 


Hall signal 



Switching state 


Hs 

H2 

Hi 

Si 

S2 

S3 

S4 

S5 

S6 

NA 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0-60 

1 

0 

1 

1 

0 

0 

1 

0 

0 

60-120 

0 

0 

1 

1 

0 

0 

0 

0 

1 

120-180 

0 

1 

1 

0 

0 

1 

0 

0 

1 

180-240 

0 

1 

0 

0 

1 

1 

0 

0 

0 

240-300 

1 

1 

0 

0 

1 

0 

0 

1 

0 

300-360 

1 

0 

0 

0 

0 

0 

1 

1 

0 

NA 

1 

1 

1 

0 

0 

0 

0 

0 

0 


Table 4. Specification of BLDC motor 


Parameter 

value 

Rated Power 

200W 

Input Voltage 

48V 

Speed 

lOOOORPM 

Stator Resistance(Rs) 

0.6ohms 

Stator Inductance (Ls) 

0.06mH 

Number of Poles (P) 

4 

Friction Coefficient (B) 

0.0682e-3 


3.3. Modelling of the BLDC drive system 

Eor running the motor at different speeds, the BLDC motor drive requires a speed controller for 
smooth controlling of the drive. The closed-loop speed controller of a BLDC motor drive is depicted in 
Eigure 4. In a closed loop operation, at the desired time reference speed can be changed for a drive to work at 
desired speeds [14-15]. In the closed loop speed controller drive, the actual speed of the motor is given back 
to the input. By using the control systems, the speed is adjusted and brought to the required speed. The actual 
speed given back to the input is measured with a reference value of speed, which generates the error signals. 
This is fed to the PI controller, to control the speed [16-17]. The past and the present error gets nullifies by 
the PI controller. The speed fed to the PI controller generates a torque reference value. This reference torque 
is conpared with actual motor torque fed from the hall sensors. The reference current is generated by 
the error signals produced by the reference torque and is measured by the actual torque [18-19]. 
This reference current and the measured current generated error signals are fed to HC controller. The gate 
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pulse to a VSI switches to turn ON or OFF is produced by the hysteresis current controller. The DC link 
capacitor acts as the source to a voltage source converter. All the feedback to generate an error signal 
is detected by thehaU sensor. The speed controller by the current control method yields better results [20-21]. 



Figure 4. Schematic diagram of speed control of BLDC motor [14] 


3.4. Mathematical modelling of the BLDC motor 

Considering the cylindrical rotor and stator has three phase windings a, b, and c. The rotor is made 
up of permanent magnet with a uniform air gap, while the stator has three phases, which are star-connected 
[22-23]. The motor is not saturated as it is operated within the rated current. The dynamic equations of phase 
a, phase b, and phase c are: 


=Rs +L^+M^+M^+e^ 

^ dt dt dt “ 

( 6 ) 

at dt dt 

( 7 ) 

di^ di^ diu 

V™ +L—+M—^+M —+e, 

^ ^ dt dt dt " 

( 8 ) 


Where L is a self-inductance of the armature, R is a resistance of the armature. Van, Vbn, and Vcn 
is the voltage of the terminals, M is a mutual inductance of the armature and ia, ib, and k is an input current of 
the motor. In the BLDC motor, the function of a rotor position is related to the back emf. Each phase of 
aback emf has 120^ phase angle differences [24]. Therefore, the equation for each phase is: 


=Kafa(^(Or 

( 9 ) 

e,=K,f,{e+^)co, 

( 10 ) 

Ojr 

e, ^KJ,{0-—)co, 

( 11 ) 
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The total torque is as follows: 
ea =KaCOr 
Pm =^Ja 

j. _ Pm _ (eJa +ecic) P 

^ e o 

<X>rm ^ 

Mechanical Part 


Z -Tj 


■■J^+Bco„ 

at 


dt 


_ P rj. 2B . 

^j(Te 71 p(»r) 


□ 


(13) 

(14) 

(15) 


(16) 

(17) 


Where Teis an electromagnetic torque,B is a flux density,T l is a load torque, and! is the current density. 


4. RESULTS AND DISCUSSION 

The proposed solar-based current controlled BLDC mixer grinder was simulated in the MATLAB 
software. The solar irradiance was varied from 500W/m^-1000W/n[T, and the power output of a PV array 
is depicted in Eigure 5. Erom Eigure 5, it can be concluded that when the solar irradiance is lOOOW/m^, 
maxtmum power output is obtained from a PV panel. Eigure 6 displays the output voltage and power from 
a BB converter when the solar irradiance is lOOOW/m^. Erom the PI controller, the speed is regulated as 
depicted in Eigure 7. The reference speed and measured speed is summed, and the error signal is generated, 
which is given to a PI controller to nullify. 



Time (seconds) 


Eigure 5. Output power from thePV panel 
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Eigure 6. Voltage and power output from a buck-boost converter 
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Figure 7. Reference and measured speed from the 200W BLDC motor 


Figure 8 displays measured torque and phase currents of the BLDC motor. At the starting when 
the back emf is zero, torque is high, and as the speed increases, the torque decreases [25]. As the load 
increases, the motor draws more current. When the speed is increased, the current drawn decreases [26]. 
Philips HL 1643/04 model was used for the e?q)erimental demonstration as depicted in Figure 9. 
The specifications of this model are 600W, 230V AC, and speed of 18000 rpm Flux 435 series n power 
quality and energy analyzer were used for taking the readings, as shown in Figure 9. Table 5 represents 
the conparison of the existing mixer grinder and the simulated the proposed 48V BLDC system If the crest 
factor is around 1.41, then there is an absence of distortion, and if the crest factor is above 1.8, then 
the amount of distortion is very high. 





PfUM* ■ 
rhaMC 



1 14 16 

Tton# (•6con<H) 
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Figure 8. Measured torque and phase currents of a BLDC motor 



Figure 9. Experimental demonstration of existing mixer grinder 
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Table 5. Comparis 

on of the e:?q)erimental existing mixer grinder and simulated proposed 48V BLDC system 


Experimental existing 

Simulat edproposed mixer 

Exp erim en tal ex istin g 

Simulatedproposed 


mixer grinder 

grinder 

mixer grinder 

mixer grinder 


(600W) 

(200W) 

(600W) 

(200W) 


No load 

No load 

With load 

With load 

Amount of 

distortion (Crest 

Cf=2.39 

Cf=1.41 

Cf=2.05 

Cf=1.39 

factor) 

T otal harmonic 

Voltage=5% 

Voltage=3.15% 

Voltage=4.8% 

Voltage=3.35% 

distortion 

Current =2 0.2% 

Current=3.03% 

Current=15.3% 

Current=3.45% 

The efficiency of 

51.03% 

80.25% 

48.32% 

78.45% 

tne system 


5. CONCLUSION 

As per the specification data, the proposed 48VBLDCmixer grinder using the buck-boost converter 
was simulated in the MATLAB/Simulink and was e^j^erimentaUy demonstrated along with the existing 
mixer grinder. The proposed closed loop current controller BLDC system was discussed. The torque, variable 
speed, and stator currents characteristics were also discussed. The corrparative analysis of the efficiency and 
harmonic distortion of the e:?q)erimental existing universal motor and the simulated proposed BLDC motor 
system was determined. Due to the absence of friction of the brushes, the efficiency of a 48V BLDC motor 
was higher than that of the mixer grinder operated with the universal motor. The crest factor and total 
harmonic distortion were higher in the existing mixer grinder corrpared with the proposed system 
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